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APPENDIX 2
by G. J. S. Govett, University of New Brunswick
EXPLORATION GEOCHEMISTRY AT THE 
UNIVERSITY OF NEW BRUNSWICK
INTRODUCTION
Applied geochemistry, with a strong emphasis on its explora­
tion aspects, was introduced as a formal graduate level subject 
at the University of New Brunswick in 1968.
Between 1968 and the summer of 1973 twelve graduate stu­
dent programmes have been completed at the University in the 
field of exploration geochemistry; these comprise eight in New 
Brunswick and one each in Spain, Guyana, Borneo, and Greece. 
A further three graduate programmes are in progress, two in 
New Brunswick and one in Greece; two or three more will com­
mence in September, 1973.
The writer, in addition to studies in New Brunswick (Govett,
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Fig. 1 Location of exploration geochemistry thesis projects in New Brunswick.
136
1973a), has undertaken research in Cyprus (Constantinou and
Govetit, 1972, 1973; Govett, 1972; Pantazis and Govebt, 1973), the 
Phihppines (Govett and Hale, 1967; Hale and Govett, 1969), and 
Greece (Govett, 1973b; Govett and Galanos, 1973). Work has
also been done, and is continuing, on analytical methods and
electrogeochemistry (Govett, 1973c; Govett and Whitehead, 1973).
The apparent diversity of effort disguises a common theme — 
the development of geochemical techniques to detect deeply- 
buried mineralization. This theme is a reflection of the firmly 
held belief that the world faces a shortage of a wide range of 
metals which can be overcome only by changes in consumption 
patterns and population growth rates, recycling of metals, sub­
stitutions, new processing techniques, and intensified exploration 
for new mineral deposits (Govett and Govett, 1972). The latter 
solution is the only one within the competence of the geologist; 
better exploration techniques and, inevitably, the development 
of methods to locate mineral deposits which are deeply buried 
beneath surficial material and those that are capped by barren 
bedrock, are urgently needed.
The use of geochemistry in mineral exploration depends on the 
measurement of chemical differences in soil, stream sediments 
and water, and bedrock in the vicinity of mineralization com­
pared with the same materials in barren areas. To improve 
geochemical techniques, a better understanding of the processes 
of dispersion of elements — both primary and secondary — from 
an ore deposit is needed. Furthermore a clearer understanding 
of the origin and genetic processes of ore formation is vital.
The long-term aim of developing deep-prospecting techniques 
at the University of New Brunswick is being approached syste­
matically through various stages of research:
(i) Collection of data describing the distribution of metals in
earth materials for a wide range of types of mineralization, 
geological environment, and surface environment (all post­
graduate research students).
(ii) Determination of the controls of metal distribution in earth
materials under normal and mineralized conditions (Lahti,
1971; Whitehead, 1973a, 1973b; Govett, 1973c; Govett and 
Pantazis, 1971).
(iii) Investigation of the origin of stratiform massive sulphides
(Constantinou and Govett, 1972, 1973).
(iv) Development of multivariate statistical and computer tech­
niques which permit subtle differences in metal distribu-
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tion to be detected (Govett, 1972; Pantazis and Govett,
1973).
(v) Development of more reliable and rapid analytical techni­
ques with lower detection limits for elements of interest
(Govett and Whitehead, 1973).
(vi) Electrogeochemistry to explain the primary and secondary
migration of elements (Govett, 1973c).
Item (i) has necessarily predominated until recently. While it 
must continue to be part of all research, the other aspects now 
account for an increasingly significant proportion.
EXPLORATION GEOCHEM ISTRY IN NEW RRUNSWICK
New R runs wick was affected, albeit lightly, by the Pleistocene 
Glaciation. This might be expected to cause difficulties in the 
use of geochemical techniques in the surface environment due 
to translocation of material and thick deposits of glacial debris. 
It has been found that glacial till deposits show little sign of 
movement and the glacial cover is quite thin. Geochemical re­
sponse to mineralization is, therefore, good in soils and stream
waters. For example, it has been demonstrated (Govett, 1973a)
that the distribution of metals in soils of background areas is 
dictated by normal podzol soil-forming processes and that this 
pattern is modified near mineralization in direct response to the 
size and type of mineralization involved.
Soil Surveys — The typical soil profile has a variable A0-1 sur­
face humus horizon, an eluviated A 2 horizon, and a brown, iron- 
rich B horizon which may, in places, be divided into a B., and 
a lighter coloured and less compact B 2 horizon. The C  horizon 
is parent material, usually glacial till or fluvial-glacial deposits 
and, rarely, weathered bedrock. The most common clay minerals 
are sericite, chlorite, and illite-type minerals; expandable clay 
minerals are essentially absent. The pH normally increases down 
the profile, and both clay-sized material and organic carbon are 
removed from the A 2 horizon and tend to accumulate in the B 
horizon. The strong control of organic carbon on cation exchange 
capacity is evident from some characteristic physico-chemical 
soil data shown in Figure 2.
The typical background distribution of metals is shown in 
Figure 2. All metals exhibit a general trend of increasing con­
centration down the profile, with the exception of the impoverish­
ment in the A2 horizon. The base metals show characteristic 
differences in behaviour, with a tendency for enrichment of Pb 
in the A horizon, Zn in the B horizon, and Cu in the C horizon.
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Distribution of organic carbon, cation exchange capacity,in typical podzol soil profile, New Bruns -Fig. 2and some trace elements wick.
All mineralized areas tested in New Brunswick show some re­
sponse in the glacial soils — even in areas where glacio-fluvial 
deposits and marine clays are interbedded with till (Lahti, 1971; 
Govett, 1973c). It is not possible to generalize on the distribu­
tion of metals in soil profiles in the vicinity of mineralization 
because their behaviour varies as a function of both the element
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and the type of mineralization (Mersereau, 1969, Pilch, 1970, and
Crosby, 1973.
The response has been classified by Govett (1973a) into four 
main types:
(i) Massive sulphides, rich in iron sulphides: strong positive
anomalies for immobile metals and negative anomalies for 
mobile elements occur over mineralization; the mobile ele­
ments give broad, lateral positive anomalies either side of 
the ore-zone (e.g., Zn-Pb-Cu at Armstrong “A”).
(ii) Vein-type mineralization with strong contrast in concentra­
tion between ore-metals in mineralization and host rocks: 
well-defined positive anomalies of immobile metals over 
ore; mobile elements show negative anomalies over ore 
and diffuse positive anomalies either side of the ore hori­
zon (e.g., Sb at Lake George).
(iii) Disseminated to massive mineralization, low contrast in
concentration of ore elements between mineralization and 
host rocks: diffuse and erratic positive anomalies which
define the general area of mineralization but do not pre­
cisely define the mineralized horizon (e.g., Ni-Co-Cu at 
St. Stephen).
(iv) Uneconomic, narrow vein-type mineralization, poor contrast
in concentration of ore elements between mineralization 
and host rock: sharp but very narrow and small (25 feet
wide) positive anomalies over mineralization (e.g., Mo-W 
at Welsford).
Drainage Surveys — Drainage surveys have been widely and suc­
cessfully used since the first large-scale reconnaissance geochemi­
cal stream sediment survey was undertaken in 1954 (Hawkes
et a l ,  1956; Boyle et al., 1963, 1966, 1968; Fleming, 1961; Smith,
1968). Moreover, the New Brunswick Department of Natural 
Resources is systematically conducting a stream survey over the
entire Province (Wolfe et a/., 1967; Wolfe and Szabo, 1968; Aus­
tria, 1970, 1971).
At the University of New Brunswick, Villard (1972) investigated
the dispersion of uranium in stream sediments (Fig. 1). He 
showed that the concentration of uranium is strongly dependent 
upon the amount of organic carbon in the sediments; this was 
not unexpected. Of more far-reaching consequence was the 
discovery that all “anomalous” samples seemed to have been 
collected on particular days. Villard related this to stream dis­
charge rate, which is itself a function of local rainfall. As the
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stream discharge decreases during a dry period, the fine ma­
terial settles out into the stream bed and sediment samples will 
consequently have a higher concentration of uranium (cf. Govett,
1960).
Mersereau (1969) undertook some detailed studies on the dis­
persion of Ni, Cu, and Co in stream water and sediments in the 
St. Stephen area. He found that Ni gave both the longest and 
the most intense dispersion train in water and in sediment. The 
stream sediments gave better results than the waters.
Conclusion on Stream Surveys — Stream surveys respond very 
well in New Brunswick where stream systems are well develop­
ed. Indeed, Crosby (1973) has shown that even regional strati- 
graphical-petrologioal variations may be recognized in the dis­
tribution of elements in stream sediments. Disruption of the 
drainage pattern due to glaciation — largely shown by swamps 
and lakes — will naturally act as precipitation barriers and tend 
to truncate dispersion trains; this is not a serious hazard over most 
of the Province. Scavenging of trace metals by Mn posels difficul­
ties in interpretation. Seasonal variation in rainfall may possibly 
have a greater effect on element dispersion in sediments than has 
been recognized.
CONCLUSIONS
Sufficient detailed work has now been done to show that soil 
geochemistry is effective in New Brunswick, and the main empiri­
cal controls on the type and intensity of dispersion have been re­
cognized. Similarly, the techniques of rock geochemistry develop­
ed elsewhere (Govett, 1972) are proving to be applicable in New 
Brunswick (Whitehead, 1973a). Greater long-term significance is 
attached to the studies directed towards providing more funda­
mental explanations for metal dispersion near mineralization; it is 
believed that major improvements in techniques suitable for 
deep prospecting can only be developed if the processes of ele­
ment dispersion are more clearly understood. Field and labor­
atory studies are in progress, and some promising results are be­
ing obtained Govett (1973c).
Stream sediment surveys have been proved to be effective in 
the Province as reconnaissance and detailed follow-up techniques 
for nearly twenty years. The role of stream sediment surveys is 
not likely to change significantly, but their effectiveness in N'ew 
Brunswick and elsewhere can probably be increased through a 
more thorough documentation of the climatic and physio-chem­
ical controls on element dispersion and, especially, by better in­
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terpretative techniques. However, inherent variabilities in the 
samples place severe limitations on sophisticated statistical data 
treatment (Pantazis and Govett, 1973). Stream, sediment surveys
are probably the only geochemical technique which will not be­
nefit significantly from improvements in analytical techniques; 
analytical errors probably are already insignificant when com­
pared with sampling errors.
The genesis of ore deposits, and especially the origins of zon­
ing of metals in ore deposits is being investigated both in field 
geochemical studies and in specific laboratory experiments. Ex­
ploration geochemistry at the University of New Brunswick con­
tinues to be practical and applied in its aims; it attempts to achie­
ve these aims through theoretical and academic studies.
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